The use of computers to deliver education and support strategies has been shown to be effective in a variety of conditions. We conducted a systematic review and meta-analysis to evaluate the impact of computer-based technology on interventions for reducing weight. METHODS: We searched MEDLINE, CENTRAL, CINAHL, PsycINFO, Google Scholar and ClinicalTrials.gov (all updated through June 2010) for randomized controlled trials evaluating the effect of computer-based technology on education or support interventions aimed at reducing weight in overweight or obese adults. We calculated weighted mean differences (WMD) and 95% confidence intervals (CI) using random effects models. RESULTS: Eleven trials with 13 comparisons met inclusion criteria. Based on six comparisons, subjects who received a computer-based intervention as an addition to the standard intervention given to both groups lost significantly more weight (WMD −1.48 kg, 95% CI −2.52, -0.43). Conversely, based on six comparisons, subjects for whom computer-based technology was substituted to deliver an identical or highly comparable intervention to that of the control group lost significantly less weight (WMD 1.47 kg, 95% CI 0.13, 2.81). Significantly different weight loss seen in "addition" comparisons with less than six months of follow-up (WMD −1.95 kg, 95% CI −3.50, -0.40, two comparisons) was not seen in comparisons with longer follow-up (−1.08 kg, 95% CI −2.50, 0.34, four comparisons). Analyses based on quality and publication date did not substantially differ. CONCLUSIONS: While the addition of computer-based technology to weight loss interventions led to statistically greater weight loss, the magnitude (<1.5 kg) was small and unsustained.
There is general agreement that population-based, multilevel approaches that focus on prevention are needed to treat the obesity epidemic. 6, 7 Such approaches recognize and address the social, behavioral, and economic determinants of obesity in terms of both interventions and policy. 7 However, at the level of individual patients, primary health care plays an increasingly important role in identifying and treating overweight and obesity. 8 Most approaches rely on changes in diet and physical activity aimed at decreasing energy consumption while increasing energy expenditure. 7, 8 Studies have suggested that incorporating behavior modification or principles of social learning, such as goal-setting and selfmonitoring, can improve the efficacy of these approaches. [9] [10] [11] While the U.S. Preventive Services Task Force has recommended that, "clinicians screen all adult patients for obesity and offer intensive counseling and behavioral interventions to promote sustained weight loss for obese adults," 12 fewer than 50% of obese patients are actually counseled by their health care providers to lose weight. 13, 14 Numerous barriers to implementing these recommendations have been described, including lack of time and training on the part of health care providers, lack of reimbursement, lack of interest and Electronic supplementary material The online version of this article (doi:10.1007/s11606-011-1803-9) contains supplementary material, which is available to authorized users. motivation on the part of patients, and perhaps most discouraging, lack of proven interventions. [15] [16] [17] [18] To overcome some of these barriers, an increasing number of weight loss interventions have used computer technology to deliver education, support, and self-monitoring strategies. [19] [20] [21] [22] It has been suggested that the interactive nature of computers provides a persuasive advantage when compared to other media 23 and assists social learning by providing users with feedback, modeling of desired attitudes or behaviors, and social dynamics and support. 24, 25 Such interventions have been found to be useful in treating a variety of conditions including depression 26 and post-traumatic stress disorder, 27 and in promoting self-management of chronic disease. 28 Additionally, a meta-analysis of the effectiveness of Web-based interventions found an improvement in behavioral change outcomes. 29 Based on these findings, some have hypothesized that using computer-based technology to deliver or facilitate current weight loss interventions in overweight and obese adults could improve their often modest efficacy.
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This potential, along with calls for providers to use computerand Web-based resources as supplements to patient care, 30, 31 begs the question: should providers consider computer-based interventions to promote weight loss for their overweight or obese patients? While a handful of narrative or systematic reviews 9, [32] [33] [34] and one meta-analysis 35 of computer-based interventions to assist in weight loss already exist, none has explicitly focused on evaluating the independent effect a computer delivery modality might have on the effectiveness of a weight loss intervention. To more closely address this objective, we conducted a systematic review and meta-analysis of randomized controlled trials comparing the effectiveness of computer-based interventions versus non-computer-based interventions for reducing weight or BMI among overweight and obese adults.
METHODS
We utilized the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement, explanation and elaboration document, 36, 37 and checklist to guide our methodology and reporting.
Review Protocol
We modified and expanded an existing protocol 38 to structure our review and analysis of potential studies. Appendix 1 (available online) details changes to this protocol over the period of this systematic review.
Study Eligibility Criteria
Studies were included for analysis if they met the following criteria: 1) the design was a randomized controlled trial; 2) the intervention included computer-based education or support aimed at reducing weight or body mass index (BMI); 3) the comparison group received a non-computer-based intervention; 4) the study participants were adults who were overweight or obese as defined by the CDC 39 and 5) the study evaluated change in weight and/or BMI, our primary outcomes of interest. While assessing study eligibility, we noted that there were two general approaches to evaluating the effect of computer-based technology on weight loss interventionseither as an additional modality (both groups receive an identical or highly comparable non-computer-based intervention but one group also receives a supplementary computerbased intervention), or as a substituted modality (an identical or highly comparable intervention is delivered to both groups, either with or without a computer). We allowed studies taking either approach as both were relevant to our study question and each might provide different insights. We excluded studies that required subjects to have lost weight before participating as these studies focused on weight maintenance, not reduction, and their populations may be less representative of the general population of adults who are overweight or obese. Appendix 2 (available online) provides a detailed list and description of our study inclusion criteria and outcomes of interest.
Search Methods
We searched MEDLINE (1950-June Week 2, 2010), the Cochrane Central Register of Controlled Trials (CENTRAL), the Cumulative Index of Nursing and Allied Health Literature (CINAHL) (1982-May, 2010), and PsycINFO (1806-June Week 2, 2010) during June, 2010 using three clusters of search terms describing 'computer-assisted' 'interventions' for 'obesity or overweight'. Appendix 3 (available online) provides details of the search strategy that was applied to each electronic database. These searches utilized no constraints on language, date, or publication status. The searches were supplemented by searches of Google Scholar and a clinical trials registry (ClinicalTrials.gov). The abstract of each study identified by our search was assessed for eligibility by one of four reviewers using a standardized approach. For studies that could not be excluded by abstract review, full text versions (n=98) were obtained and assessed by two independent reviewers using the same standardized approach. Disagreements between reviewers were resolved via consensus. Lastly, the reference sections of studies that met our inclusion criteria were scanned for additional studies.
Data Collection
For studies that met our inclusion criteria, two teams of two independent reviewers extracted relevant information (each pair independently extracted data from half the included articles). We used a standard data extraction template, shown in Appendix 4 (available online) which was first pilot-tested on six randomly selected articles and refined accordingly. Information extracted from each study included: 1) characteristics of trial participants; 2) descriptions of the intervention and comparison; 3) results and duration of follow-up; and 4) assessment of risk of bias using the Risk of Bias tool recommended in the Cochrane Handbook for Systematic Reviews of Interventions. 40 This tool includes six items shown to be important for assessing the risk of bias in randomized trials, each of which is scored as "yes" (low risk of bias), "no" (high risk of bias), or "unclear" (not enough information to assess the risk of bias), as shown in Appendix 5 (available online). Disagreements during the data extraction phase were resolved by discussion and consensus among each pair of reviewers. If additional input was needed, one or both of the other reviewers was consulted.
Analysis
Measure of Effect and Data Synthesis. We followed recommendations from the Cochrane Collaboration 41 for data synthesis and used RevMan 5 software 42 to perform all metaanalytic statistics. The primary outcome measures were change from baseline in weight and BMI. After conversion to a standard metric (e.g., pounds to kilograms), we used random effects models to calculate pooled weighted mean differences (WMD) and 95% confidence intervals (95% CI). A p-value <0.05 for the test of overall effect was considered statistically significant. Because several studies did not provide standard deviations (SD) for the mean changes from baseline (required for pooling the WMDs), we used a formula recommended for estimating these values by using the means and SDs for the baseline and final measures and a correlation coefficient (R), which we set at 0.5. 41 Similarly, when studies reported variance using standard errors or confidence intervals, we converted these to SDs using appropriate formulas. 41 Missing Data. We contacted the authors of three studies [43] [44] [45] that met inclusion criteria but did not report adequate outcome data to be included in the meta-analysis. While two provided the needed data, for the third (Agras et al.) 45 we imputed pre-and post-intervention standard deviations by generating a conservative estimate based upon pre-and poststandard deviations of the other study populations included in this review.
Assessment of Heterogeneity.
We assessed for statistical variability among the studies contributing to each summary estimate by evaluating the p-value and I 2 percentage provided with the test of heterogeneity in RevMan 5. 42 We considered studies to be heterogeneous if the p-value was less than 0.10 or the I 2 value 41 exceeded 50%. If heterogeneity was present,
we evaluated the results of the individual studies in an effort to identify obvious outliers, and performed sensitivity analyses in an effort to identify the largest group of studies that passed the test of heterogeneity.
Reporting Biases. We assessed for publication bias by plotting each study's sample size by its effect size for both change in weight and change in BMI. We visually inspected the resulting funnel plots for evidence of publication bias. 46 Subgroup Analyses. We performed a post hoc analysis based on the two methodological approaches we had identified during the study eligibility process-adding versus substituting a computer-based technology. Because the analysis suggested the two approaches led to statistically different findings, we performed three pre-specified subgroup analyses within these broader subgroups.
First, we assessed studies according to the duration of the intervention (less than six months versus six months or longer), since previous work suggests that interventions are more likely to be successful if they enhance participants' long-term adherence and motivation. 47 Second, we assessed studies according to the duration of follow-up (less than six months versus six months or longer), since it is known that early weight loss benefits are often not sustained over time. 48, 49 Third, we also grouped studies by publication date, considering those published prior to 1995 as one group and those published in 1995 or after as another. This cut-off was based on criteria utilized by other reviews 34, 35 that considered 1995 a pivotal year in terms of Internet availability.
Sensitivity Analyses. In order to evaluate the effect of methodological quality on the summary estimates for our primary outcomes, we conducted sensitivity analyses based on each of the six methodological quality items contained in the Risk of Bias tool. 40 Each analysis was restricted to the studies judged to have "low risk of bias" for the item of interest.
RESULTS

Study Selection
The search yielded a total of 2,832 titles. The initial screen identified 542 duplicates and 2,192 studies that did not fulfill one or more inclusion criteria based on abstract review. The remaining 98 studies were retrieved for full-text review. Ultimately, 11 randomized trials 43-45,50-57 with 13 comparisons (two multi-arm studies 43, 44 ) met the inclusion criteria and provided usable data for meta-analysis. Complete information regarding the process from search results to included studies is provided in the Study Selection Flow Diagram (Fig. 1) . 
Study Characteristics
The 11 included studies (described in Table 1 ) involved 1866 participants, of which 990 received computer-based interventions and 876 received interventions delivered through modalities that did not include a computer. The interventions ranged from 2-12 months in length. Six studies (one multi-arm, leading to seven comparisons) added a computer-based tool to the intervention ("addition studies") while five (one multi- arm, leading to six comparisons) substituted a computerbased tool ("substitution studies"). The addition studies included one that studied the effect of a computer program plus a workbook compared to use of the workbook alone, 50 and six comparisons that examined the effect of behaviorally-based information or therapy delivered via the computer or Internet plus in-person sessions compared to in-person sessions that may have utilized additional paper materials.
44,45,52-54
The substitution studies included three comparisons that studied use of a website, computer program, or PDA diary compared to a paper diary for self-monitoring, 43, 56 one comparison that studied the effect of information delivered via computer compared with the same information delivered in a classroom program, 55 one comparison that examined the effect of information delivered via the Internet combined with e-mail counseling compared to paper-based information accompanied by phone counseling, 57 and one comparison that examined the effect of behaviorally-based information delivered via a website plus in-person sessions compared to in-person sessions with paper materials. 51 
Risk of Bias in Included Studies
Figure 2 provides the risk of bias findings for the included studies. Nine of the 11 studies provided insufficient information to adequately assess three or more bias categories. Seven studies did not provide adequate discussion of randomization techniques to assess potential selection bias, and only one study 54 published their protocol on a publicly available trial registration site (clinicaltrials.gov), allowing for assessment of selective reporting. The most common reasons for "Other risks of bias" included requiring recipients of the intervention to pay a refundable deposit for technology, materials, or participation 44, 50, 55 and potential conflicts of interest in which authors were involved in developing the computer product being studied. 53 
Effects of Interventions
Change in Weight. Figure 3 displays the findings for change in weight, subgrouped by methodological approach. Based on six comparisons evaluating the effect of adding a computer-based intervention as a supplement to the standard weight loss intervention given to both study arms, subjects in the computer group lost significantly more weight (WMD −1.48 kg, 95% CI −2.52, -0.43, I 2 = 0%). Based on six comparisons evaluating the effect of substituting a computerbased technology to deliver an identical or highly comparable intervention to that given to the control group, there was no difference between groups (WMD 0.36 kg, 95% CI −1.80, 2.53), however there was significant heterogeneity (p<0.01, I 2 =65%).
Sensitivity analysis revealed that removal of the Burnett study, 56 the oldest (1985) and smallest (12 participants) study, resolved the heterogeneity (I 2 =0%) and revealed significant differences between subgroups suggesting that subjects in the computer "substitution" group lost significantly less weight (WMD 1.47 kg, 95% CI 0.13, 2.81). The test for subgroup differences comparing "addition" studies to the homogeneous group of "substitution" studies was highly significant (p=0.0007). Given the finding that only the "addition" studies resulted in a significant increase in weight lost, further subgroup analyses Figure 3 . Overall change in weight (kg), subgrouped by methodological approach (addition versus substitution of computer-based intervention).
Test for subgroup differences comparing "addition of computer "to "substitution of computer-all studies": p=0.07. Test for subgroup differences comparing "addition of computer" to "substitution of computer-excluding Burnett": p=0.0007. kg = kilograms, SD = standard deviation, IV = inverse variance, CI = confidence interval.
were performed only on this group of studies. These analyses revealed that an effect was seen in studies with less than six months of intervention (five comparisons) but was not seen in the one comparison that lasted longer (Fig. 4) . Similarly, shortterm follow-up (lasting less than six months) revealed an effect (two comparisons) that was not present in comparisons with longer follow-up (four comparisons) (Fig. 5) . While the findings for comparisons published in 1995 or later had more favorable results than those published prior to 1995, the findings across subgroups were homogeneous (I 2 =0%), and the difference between subgroups was small (<1 kg) and non-significant (p=0.82) (Fig. 6) .
Change in BMI. Figure 7 shows the findings for BMI. Based on three comparisons evaluating the effect of adding a computerbased intervention as a supplement to the standard weight loss intervention given to both study arms, subjects in the computer group had a significantly greater reduction in BMI (WMD −0.43 kg/m2, 95% CI −0.83, -0.03, I2=0%). Based on three comparisons evaluating the effect of substituting a computer-based technology to deliver an identical or highly comparable intervention to that given to the control group, there was no difference between groups (WMD 0.44, 95% CI −1.15, 2.03, I2=0%). There were not adequate studies within the primary subgroups (addition versus substitution) to allow further subgroup analyses for the BMI outcome. Sensitivity analyses restricted to studies with low risk of bias for each methodological quality item did not meaningfully change the magnitude or direction any of the summary estimates. Finally, the funnel plots for change in weight and BMI (Appendix 6, available online) were not suggestive of publication bias.
DISCUSSION
In recent years, it has been suggested that obesity is a chronic disease 58 that could benefit from the types of management strategies inherent in the Chronic Care Model, including support for self-management. 59 Use of the Internet for Figure 5 . Overall change in weight (kg), restricted to studies that added a computer-based intervention, subgrouped by duration of the follow-up. kg = kilograms, SD = standard deviation, IV = inverse variance, CI = confidence interval. counseling has been included in a list of model components that have shown promising results. 13 Griffiths and colleagues have noted that, "Evaluation of the effectiveness of a health care intervention delivered by the Internet needs to include comparison with more traditional modes of delivery to answer the following question: What are the added benefits or disadvantages of Internet use that are particular to this mode of delivery?" 60 This systematic review and meta-analysis addresses this question more broadly by considering computer-assisted delivery with regard to the treatment of overweight and obesity. Our meta-analysis indicates that the addition of computer-based interventions as a supplement to standard weight loss interventions produces significantly more weight loss, while the substitution of computer-based technology results in significantly less weight loss. This may not be surprising given that participants received additional tools in the addition studies, but the substitution findings of less weight loss raises questions about the effectiveness of the computer-based tools compared to non-computer-based modalities. It should also be noted that, while the addition studies demonstrated a statistically significant benefit favoring the use of computers, the magnitude of the difference (<1.5 kilograms) is unlikely to be clinically relevant in overweight and obese populations and its sustainability is questionable. Eleven randomized trials met our inclusion criteria. While some might be concerned that the variations in the components and intensity of interventions across trials might have contributed to the mixed findings, the overall lack of heterogeneity in the results suggests that computer-based interventions will not produce substantially different results compared to non-computer-based interventions regardless of content, intensity, or delivery mechanism. That said, the predominantly white make up of participants in most included studies decreases the generalizability of the findings to minority populations. Similarly, there were relatively fewer men (33%) than women, and some of the studies excluded individuals with chronic conditions (e.g., Figure 6 . Overall change in weight (kg), restricted to studies that added a computer-based intervention, subgrouped by the date of publication. kg = kilograms, SD = standard deviation, IV = inverse variance, CI = confidence interval. diabetes). 51, 52 The requirement that participants in three studies have a computer and Internet connection at home 51, 53, 57 and that participants in three studies make a monetary refundable deposit to participate in the study, 44, 50, 55 further limits applicability to persons of lower socio-economic status. Turning to the internal validity of the included trials, incomplete reporting greatly limited our ability to formally assess important potential sources of bias. That said, detection bias seems less likely based on the objective nature of the outcomes, and while performance bias is possible due to the challenges of blinding this intervention, it may have been mitigated by the fact that both study arms had to receive some intervention. On the other hand, conflicts of interest were identified and inadequate detail regarding randomization techniques and attrition precluded assessment of selection and attrition biases.
With regard to the review itself, every effort was made in the search, selection, data collection and analysis portions to reduce bias, including independent review of articles and use of a standard data extraction template. Authors were contacted for missing data, but one failed to respond. We imputed standard deviations using a formula that includes a correlation coefficient (R), which we set at 0.5. 41 In trying various values of R, from 0.4 to 0.8, we found no substantial change in the summary estimate. We also performed a post hoc analysis based on the two methodological approaches we had identified during the study eligibility process-adding versus substituting a computer-based technology. Lastly, while selective reporting was difficult to assess due to lack of trial registration, the funnel plots did not suggest publication bias. Studies have found that approximately 20% of overweight or obese adults are able to achieve and maintain long-term weight loss, defined as losing at least 10% of body weight and maintaining that loss for at least 12 months. 48, 49 Factors found to be associated with success include long-term behavior change (such as eating a diet that is low in calories and fat, and engaging in high levels of physical activity) and self-monitoring of weight (an explicit component of several studies included in this review). 43, 53, 54, 56, 57 Computers might seem an ideal tool for reinforcing such factors because they incorporate potential advantages such as persistence, anonymity, scalability, ubiquity, and the abilities to manage large amounts of data and to utilize a variety of modalities. 23 However, the findings of this meta-analysis suggest that the use of computers themselves adds little to the success of many weight loss interventions. The advent of numerous portable electronic devices (e.g., smart phones) and new applications, such as social networking sites, might add additional capabilities or effects, but we only found two qualifying studies 43, 45 that included such devices. This is not surprising given the time required to conduct and publish studies that include newer devices. Lag time between the conduct of such studies and their availability for inclusion in meta-analysis is a recognized limitation of the technique. 61 As more studies are conducted that include such devices, a review of their effectiveness can be conducted. In their 2010 article on "Motivational technologies to promote weight loss-From Internet to gadgets," 62 Svensson and Lagerros noted that, "modern technology may not curb the obesity epidemic alone -fighting against obesity requires a long-term and intense effort….
[in which] these tools may not replace, but rather serve as a complement to conventional healthcare." This is congruent with the notion of utilizing the Chronic Care Model, 59 with its consideration of multiple levels of focus and interventions to treat obesity. Indeed, it may be that computer-based interventions add value through other outcomes not assessed by this meta-analysis, such as patient and provider satisfaction, convenience, and costeffectiveness but these are yet to be determined.
